the primary investigation for prenatal diagnosis of morbidly adherent placenta, and the diagnostic accuracy is good in both retrospective and prospective case series. 5, 6 Nevertheless, many markers of invasive placentation are subjective in nature. Objective markers are likely to improve reproducibility.
Antenatal diagnostic signs of morbidly adherent placenta are best described in the cohort of women with previous cesarean birth and anterior low-lying placenta/placenta previa. 6 Implantation of the placenta in the cesarean scar is considered the most likely etiology of AIP with placenta previa. Indeed, there is a growing body of evidence suggesting that a vast proportion of cesarean scar pregnancies progress to AIP in the absence of medical intervention. [7] [8] [9] The presence of placental lacunae on ultrasound is a reliable sign of AIP 10, 11 and is thought to occur because of defective placentation from high velocity jets of maternal blood into the placental sinuses.
With placental implantation into the cesarean section scar, the center of the placental disc would be in the vicinity of the lower uterine scar. If placental implantation was near the scar but not in it, only the thinner placental margin might encroach into the lower uterine segment. We therefore hypothesized that the placenta is thicker with AIP in women with a low-lying placenta or placenta previa.
| MATERIAL AND ME THODS
We searched the computerized database of the Obstetric ultrasound unit to identify all women with a third trimester diagnosis of complete placenta previa or anterior low-lying placenta. Placenta was defined as low lying if the leading placental edge was within 20 mm of the internal os. 12 The lower uterine segment was identified as the part of the uterus between the cervix and the top of the urinary bladder. 13 The maximum placental thickness in the lower uterine segment was measured on stored digital images ( Figure 1 ). Two-dimensional (2D) images obtained using transabdominal ultrasound scan were used. For the image to be deemed suitable, a midline sagittal section of the lower uterine segment (with the implanted placenta) and the cervical canal (with the intervening urinary bladder) was required. The measurement was performed by a researcher (A.L.) blinded to the final diagnosis.
When there more than one third-trimester ultrasound examination was performed, the one when the patient was first seen for ultrasound scan was selected for image retrieval. The largest measurement was included if more than one digital image was stored. Basic demographic and pregnancy information including gestational age was also retrieved. We retrieved information regarding morbidity associated with the surgical procedure, and use and volume of transfusion of blood products. 
| Ethical approval
National guidance in the UK mandates that formal ethics approval is not necessary for retrospective analysis of de-identified patient data (http://www.hra-decisiontools.org.uk/research/docs/ DefiningResearchTable_Oct2017-1.pdf).
| RE SULTS
The pregnancy records of 172 women were identified and recovered.
Forty-one records were excluded because stored images were unsuitable
Key Message
Placental thickness in the lower uterine segment is significantly greater in women with abnormally invasive placenta than in those with normal placentation. This is a useful objective sign to improve prenatal detection of abnormal placental invasion. (Table 1 ). All women with AIP were parous and all but one woman (96%) had given birth previously by cesarean section, compared with 33 (33%) of women with normal placentation (P < 0.001).
The maximum lower segment placental thickness was significantly greater in women with AIP than in those without AIP (P < 0.001, Table 1 , Figure 2 ). Figure 3 shows the receiver operating Details of the pregnancy outcome are shown in Table 2 .
Gestational age at delivery was significantly earlier in women with AIP. Although the median birthweight was significantly lower in women with AIP, this was due to earlier delivery, since the birthweight centiles were not different ( Table 2) . As expected, the median blood loss and use of blood products were significantly higher in women with invasive placentation. TA B L E 1 Baseline characteristics of the study population The gestational age the ultrasound examination was performed at which placental thickness measured was not different in the two groups. A significant correlation was found between gestational age at ultrasound and maximum placental thickness (Spearman's rho = −0.188, P = 0.031). Logistic regression analysis showed that only previous cesarean birth and placental thickness, and not gestational age at ultrasound, were independent predictors for AIP (Table 3) . For each millimeter increase in placental thickness above the expected normal median, the odds for AIP increased 1.051 (95% CI 1.018-1.085). Prior cesarean birth considerably increased the odds for invasive placentation by 40-fold (Table 3) .
Excluded cases were significantly younger and were less likely to have undergone a previous cesarean section. Maternal height, BMI, parity, mode of conception, smoking status, and gestational age at the ultrasound scan were not different between the two groups (data not shown). There were no cases of AIP in cases with unsuitable images, and the gestational age at delivery was not different from that of the study group.
| D ISCUSS I ON
The results of the study show that, in women with a low-lying placenta/placenta previa, the maximum placental thickness is significantly higher in the presence of AIP than normal placentation. These findings support the hypothesis that scar implantation is a likely etiological factor for the development of AIP. The strength of the association seen suggests that it is of significant predictive value for the prospective identification of AIP in these women.
Antenatal detection is particularly important in cases of clinically relevant AIP. 14 Indeed, in the current study, average blood loss was 1700 mL in women with AIP, and 11/28 (40%) women needed transfusion of blood products despite the use of intra-arterial occlusive devices. The frequency of need for blood products in those with low anterior placenta or placenta previa where the placenta was not morbidly adherent was lower (20%). Previous reports have shown that the accuracy of ultrasound for the prenatal detection of AIP is high, but not diagnostic. 5, 6, 10 This is probably because many of the ultra- pancake-like spread of the placenta over the uterine mucosa. It has been reported that lateral growth of the placenta occurs by trophoblast cell invasion of the decidual veins. 16 The cesarean scar tissue is avascular and lacks decidua. This may explain why the placenta is thicker in the lower uterine segment in women with morbidly adherent placenta.
In an earlier publication, excessively thick placenta was associated with a higher proportion of small-for-gestational-age babies. 15 The prevalence of small-for-gestational-age fetuses in the current study was not unusually high, and no significant differences were seen between the birthweight centiles of cases with and without invasive placentation. This may be because the area of defective placentation is localized, and the rest of the placenta is able to function normally, compensating for the defective part of the morbidly adherent placenta.
The study is retrospective and, therefore, placental thickness was 
| CON CLUS ION
In this retrospective study, lower uterine segment placental thickness was increased in low-lying placentas of women with AIP compared with those with noninvasive placentation; however, there was overlap between the two groups. This simple and pragmatic sign may be of clinical value in improving prenatal detection AIP in women with placental implantation in the lower uterine segment.
Prospective studies are necessary to ascertain the screening performance of placental thickness for AIP.
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